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AERONAUTICS 

EFFECT OF SPIKE-TIP AND COWL-LIP BLUNTING ON INLET PERFORMANCE 

O F  A MACH 3.0 EXTERNAL-COMPRESSION INLET* 

By R. W. Cubbison and N. E. Samanich 

SUMMARY 

The e f f ec t  of i n l e t  component blunting on performance was invest i -  
gated with an axisymmetric external-compression i n l e t  i n  the Lewis 10- 
by 10-foot supersonic wind tunnel a t  a Mach number of 3.0 and a Reynolds 
number of 2.5X106 per f o o t .  The investigation was conducted t o  deter- 

blunting. 
i n l e t  components applicable t o  cooling techniques. 

mine the performance Ijcuaibica - - - - l L * - -  alJOVbAUyru -- -nn+a+ad w't.h .._ ___ s-pike-til! and cowl-lip 
The reported data should be useful as a design guide f o r  blunt 

The data indicated no marked change i n  i n l e t  performance with slight 
- blunting of both spike (rtip/rinlet = 0.017) and cowl l i p  (rlip/rinlet - 

0.0042), w h i l e  a combination of the  bluntest  spike and cowl l i p  
(rtip/rinlet = 0.068 and qip/rinlet = 0.0170, respectively) reduced 
the over-al l  peak pressure recovery about 6 counts. For t h i s  investiga- 
t i on  the cowl-lip angles were simultaneously reduced as the blunting was 
increased, resul t ing i n  essent ia l ly  constant cowl pressure drag f o r  a l l  
degrees of cowl-lip blunting. The cowl pressure-drag rise was only 
0.007 f o r  the range of l i p  bluntness studied. 

INTRODUCTION 

Analysis indicates  that air-breathing engines are a feas ib le  means 
A t  these f l i g h t  speeds aerodynamic of propulsion a t  high Mach numbers. 

heating can raise the  surface temperatures above the allowable l imits ,  
especial ly  near stagnation regions such as the cowl l i p  and spike t i p o  
One nethod of reducing the  high stagnation-point heat f l ux  t o  these re -  
gions i s  t o  use bluntness. 
a cooling system i n  the event one i s  needed. Although no major aerody- 
namic heating problem i s  apparent a t  a Mach number of 3.0, the data re- 
ported herein and information presented i n  reference 1 at  a Mach number 

In doing so, space i s  a l so  provided t o  house 

b. 
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L 
of 4.95 should be useful in making an intelligent compromise between 
structural and aeroaynamic requirements for a high Mach number design 
inlet. The investigation was conducted at a Mach number of 3.0 and at 
8 Reynolds number of 2.5X106 per foot in the NACA Lewis 10- by 10-foot 
supersonic wind tunnel. 

SYMBOIS 

inlet capture area, 1.183 sq ft Ain 

maximum projected frontal area of model, 1.483 sq ft Amax 
A3 diffuser-exit flow area, 0.961 sq ft 

CD bag coefficient, D/& 

pressure coefficient, (px - po)/~ cP 

D drag 

m3/% inlet mass-flow ratio, p3~+3/po~@in 

P total pressure 
- 
p3/p0 total-pressure recovery 

p 3 9 m  - - '3,min distortion parameter 
p3 

P static pressure 

¶ dynamic pressure 

r radius 

v velocity 

U angle of attack 

e 

P 

spike-position parameter, angle between axis of symmetry 
and line from spike tip (projected tip on blunt 
spikes) to point of focused compression 

r n  
0 
03 
r\) 



'4 

NACA RM E58GO2a 

Subscripts : 

C 

e 

i n  

i n t  

2 

2 i p  

max 

min 

t 

0 

3 

Superscript : 
- 

cowl 

external  

i n l e t  

i n t e rna l  

l oca l  

l i p  

maximum 

minimum 

t i p  

conditions in f r e e  stream 

conditions a t  diffuser  e x i t  

area-weighted value 

APPARATUS AND PROCElxmE 

The basic t e s t  vehicle, a 16.46-inch-maximum-diaeter, 102-inch- 
long model, i s  shown ins t a l l ed  i n  the test  section i n  f igure  1. 
model employed an axisymmetric external-compression i n l e t  with in t e r -  
changeable cowls and spike t ips .  
maximum component bluntness, including the  spike coordinates, i s  pre- 
sented i n  f igure 2. 

The 

A scale drawing of the  i n l e t  with 

3 

Scale drawings of the interchangeable spike t i p s  and cowls along 
with the cowl coordinates a r e  given i n  f igure  3. 
compression spike was designed by the  method of reference 2 with the 
point of focused compression a t  the cowl l i p .  
cone half-angle of 13.65', with a maximum of 35' of compressive turning, 
and a design spike-position parameter 8 of 23.60°. The interchangeable 
spike t i p s  were of 0-, 1/8-, 1/4-, and l/2-inch radii, having respective 
radius r a t i o s  

The basic isentropic  

The spike had an i n i t i a l  

r t / r in  of 0, 0.017, 0.034, and 0.068 ( r i n  = 7.365 in . ) .  
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The streamline a t  the foca l  point of the  compression f i e l d  generated 
d 

by the sharp-tipped spike determined the contour of the  in t e rna l  surface 
of the sharp-lip cowl; the surface was designed t o  capture the flow with- 
out inducing any in t e rna l  compression. 
by adding various l i p  radii t o  the point of focused ccnnpression symmetri- 
c a l l y  with respect t o  the  focal-point streamline. "his design method re- 
sul ted i n  lower external l i p  angles f o r  the  more rounded leading-edge 
cowls. Cowl-lip radii of 0, 1/32, 1/16, and 1/8 inch, corresponding t o  
radius r a t i o s  qiP/rin of 0, 0.0042, 0.0085, and 0.0170, with respec- 
t i v e  external l i p  angles of 4Z0, 40°, 3 8 O ,  and 3 3 O  were investigated. 
A l l  of the cowls under consideration had a projected a rea  20 percent of 
the maximum f ron ta l  area. 

Cowl-lip bluntness was achieved 

The cowls were extensively surveyed with s ta t ic-pressure or i f ices ,  
which when integrated over the  projected cowl area determined the cowl 
pressure drag. 
that portion of the cowl between the stagnation point and the beginning 
of the external cyl indrical  section of the model. 
were tes ted with a ram-scoop boundary-layer-bleed system a t  the  spike 
shoulder, removing approximately 5 percent of the maximum capture m a s s  
flow (f ig .  2 ) .  A force balance was employed i n  the model, from which the 
t o t a l  external drag was obtained. 

The cowl pressure drag i s  defined as the force ac t ing  on 

All the  configurations 

a 

il' 

RESULTS AND DISCUSSION 

A l l  of the performance data presented were obtained a t  a free-stream 
Mach number of 3.0. Performance of the sharp-lip cowl with the  various 
spike t i p s  i s  presented i n  f igure 4. Because of the  nonfocusing of the 
compression shock system, improvement i n  mass-flow charac te r i s t ics  could 
be obtained by re t rac t ing  the  spike a small amount from the design point; 
however, s l igh t  losses i n  peak pressure recovery resul ted i n  most  in- 
stances. In one case ( f ig .  4 (c ) ) ,  t he  l o s s  i n  peak recovery reached 
approximately 5 counts. 
23.60°), spike-tip blunting had no marked e f f e c t  on the i n l e t  mass-flow 
character is t ics .  The small differences noted can be a t t r i bu ted  t o  the 
tolerances i n  the  spike-translation uni t .  This indicates  tha t ,  within 
the blunting tested,  the shock s t ructure  i s  essent ia l ly  independent of 
the t i p  contour and i s  a function only of the  basic spike design. 

Considering the design spike posi t ion ( e  = 

The ef fec t  of rounding the spike t i p  on i n l e t  performance with 
blunt-leading-edge cowls i s  presented i n  f igures  5 t o  7. 
indicate a t rend similar t o  t h a t  of the  data f o r  blunted spike t i p s  with 
sharp cowl. 
0.068 i n  combination with the cowls of various radius ra t ios  reduced the 
peak pressure recoveries approximately 3 counts, as can be seen i n  f ig -  
ures 5, 6, and 7. 

The r e su l t s  

Blunting the  spike from a sharp t i p  t o  a radius r a t i o  of 

U 

Comparison of f igures 4(a)  and (d) with figure? 5 
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t o  7 shows a decrease of 1 t o  4 counts i n  mass flow when the cowl l i p  i s  
blunted. This occurs because the stagnation point moves inside the cowl 
l i p  a s  blunting i s  added t o  the cowl l i p .  

The over-all  drag coeff ic ients  as affected by spike blunting a r e  
shown i n  f igure 4. 
an increase i n  the over-all  drag coefficient,  on the order of 0.02, 
probably a s  a r e s u l t  of a small amount of spil lage.  
drag curves during subcr i t ica l  i n l e t  operation appeared t o  be constant 
f o r  the various degrees of spike blunting investigated.  However, when 
blunting was added t o  the cowl l i p ,  t h e  t o t a l  drag coeff ic ient  progres- 
s ive ly  increased, probably because of addi t ive drag  due t o  the attendant 
spi l lage.  

Only the bluntest  spike (radius r a t i o  = 0.068) caused 

The slope of the 

The flow d is tor t ion  was essent ia l ly  unaffected by blunting of the 
i n l e t  components, m a x i m u m  d i s to r t ion  values of only 0.04 being recorded. 

The e f f ec t  of spike-tip blunting on performance i s  summarized i n  
f igure  8. Iii all czses t h e  peak ~d c r i t i c a l  pressure recoveries were 
only s l i g h t l y  influenced by spike blunting. In  general, pressure re- 
coveries were reduced approximately 2 counts as a r e su l t  of rounding the 
t i p  from a pointed spike t o  a radius r a t i o  of 0.068 spherical  nose. 

Figure 9 summarizes the e f f ec t s  of cowl-lip blunting on i n l e t  per- 
formance. 
obtained from f igure 8. 
of 0.0085 had only small adverse e f fec ts  on the i n l e t  performance. 
creasing the cowl-lip radius r a t i o  t o  the maximum of 0.0170 decreased c r i t -  
i c a l  pressure recovery approximately 8 counts ( f ig .  9(a)) .  It i s  apparent 
from summary f igures  8 and 9 tha t  a small degree of i n l e t  component blunt- 
ing, with a radius r a t i o  of 0.017 f o r  the spike and a radius r a t i o  of 
0.0042 f o r  the cowl l i p ,  resul ted i n  essent ia l ly  no adverse e f f ec t s  on 
the f n l e t  performance. 

The curves i n  the f igure without established data points were 
Rounding the cowl leading edge t o  a radius r a t i o  

In- 

The design method employed i n  the cowl-lip design resul ted i n  lower 
external  l i p  angles f o r  the blunter cowls. The e f f ec t  of external  l i p  
angle and cowl-lip blunting on the cowl pressure drag during c r i t i c a l  
i n l e t  operation i s  presented i n  f igure 10. Experimental drag data of 
cowls with a sharp leading edge ( r e f .  3) having the same r a t i o  of pro- 
jected cowl area t o  the maximum f r o n t a l  area (0.20) and with contours 
s i m i l a r  t o  those of the present t e s t s  a r e  compared with the present data 
i n  f igure  l O ( a ) .  
of the cowl leading edge from a sharp l i p  t o  a radius r a t i o  of 0.0170 i s  
depicted by the shaded region i n  the f igure.  Comparing the drag coeff i -  
c ien t  of the cowls tes ted,  it i s  apparent that the reduction i n  external  
l i p  angle was approximately enough t o  counterbalance the drag r i s e  resu l t -  
ing from blunting, leaving only a r i s e  of 0.007 going from sharp t o  the 

The drag penalty associated merely with the rounding 
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most blunt.  
as indicated by comparing the sharp-cowl value with t h e  blunt.  A s  seen 
in f igu re  l O ( a ) ,  this r i s e  can be as much as 0.074 f o r  a cowl w i t h  ex- 
t e r n a l  l i p  angle of 33' and a radius r a t i o  of 0.0170. For the data of 
this report ,  the drag penalty due t o  blunting appears t o  be l i nea r  with 
increasing l i p  bluntness, as shown i n  f igure 10(b).  

However, the drag r i s e  due t o  blunting can be considerable, 
b 

Typical pressure d is t r ibu t ions  over the cowl surfaces a re  shown i n  
f igure  11. The extensive static-pressure instrumentation revealed that Ul 

0 rn 
[o 

the  stagnation streamline moved inward with increasing cowl bluntness. 

Schlieren photographs of supercr i t ica l  i n l e t  operation with the 
various spike t i p s  and the sharp cowl a r e  shown i n  f igure 1 2 .  A l inear  
projection forward of the established conical shock wave on the blunt 
spike in t e r sec t s  a t  a point ahead of the sharp spike t i p ,  but  the 
establ ished shock wave angle i s  l e s s  than that of the one generated by 
the sharp-tip cone. 
cat ion of the i n i t i a l  spike shock wave with respect t o  the cowl l i p  
e s sen t i a l ly  independent of the spike-tip bluntness. 

These compensating e f f ec t s  appeared t o  make the l o -  

CONCUTDING FENARE3 c 

The e f f ec t  of cowl-lip and spike-tip blunting on i n l e t  performance Y 

was investigated on an axisymmetric external-compression i n l e t  a t  a Mach 
number of 3.0. S l igh t  blunting of the i n l e t  components (radius r a t i o  of 
0.017 for the spike t i p  and radius r a t i o  of 0.0042 f o r  the cowl leading 
edge) had no apparent adverse e f f ec t s  on i n l e t  performance. The combi- 
nation of the most blunt spike ( r ad ius  r a t i o  of 0.068) and cowl (radius 
r a t i o  of 0.0170) reduced the  peak pressure recovery about 6 counts. Al- 
though there  would be an appreciable drag penalty associated with blunt- 
ing the cowl leading edge while maintaining the  external  l i p  angle con- 
stast, the  blunting can be done so that the external  l i p  angle i s  reduced, 
thus reducing the drag penalty associated with blunting. 

Lewis Fl ight  Propulsion Laboratory 
National Advisory Conrmittee f o r  Aeronautics 

Cleveland, Ohio, July 16, 1958 

Y 



a 

Y 
m C E S  

7 

1. Weston, Kenneth C.: Experimental investigation of Effect of Spike- 
Tip and Cowl-Lip Blunting on the internal Performance of a Two-Cone 
Cylindrical-Cowl Inlet at Mach Number 4.95. NACA RM E58G02, 1958. 

2. Connors, James F., and Meyer, Rudolph C.: Design Criteria for Axi- 
symmetric and Two-Dimensional Supersonic Inlets  and Exits. NACA 
TN 3589, 1956. 

3. Samanich, Nick E.: Pressure Drag of Axisymmetric Cowls Having Large 
Initial Lip Angles at Mach Numbers from 1.90 to 3.88. 
E5 7624, 195 7. 

NACA RM 



8 



N 

; 

cu 
I 

8 

., 

. 

+- 

i 

. .  
. . . . . . I . . . .  

O ~ ~ N N N M M M + + + ~  

9 

0) 
dr 
0 
CD 

0 
rl 
d d 

V d 
m 
P 
cu 

m 

2 
d 

8 

.d k 

a, ri 

cn 
m 

I 

N 

Fr 

x 



10 

\ 

Cowl 1 

rlip/rin = 0; Ex te rna l  l i p  angle = 42' 

Cowl 2 

rlip/rin = 0.0042; Externa l  l i p  angle = 40' 

+ 
cow1 3 

rlidrin = 0.0085; Ex te rna l  l i p  angle = 38' 

Cowl 4 

rlip/rin = 0.0170; Externa l  l i p  angle = 35' 

Spike 1 

' t / r i n  0 

Cowl coord ina tes  

Cowl 1 

i s t ance  fron 
tagnat ion  
o in t ,  in .  

0 
. 2  
. 4  
. 6  
. 8  

1.0 
1.2 
1 .4  
1.8 

2.2 

6.38 
cor 

0 
. 2  
. 4  
. 6  
. 8  

1.0 
1.2 
1 . 4  
1 .90  

2.20 

6.38 

~ 

re J 

in .  

~ 

7.365 
7.540 
7.682 
7.810 
7.913 
8.000 
8.070 
8.124 
8.197 

8.230 

r i n t  9 
in.  

7.365 
7.480 
7.515 
7. 659 
7. 728 
1.785 
7.835 
7.863 
7.900 

8.040 8 .23  
~ 
~ 

Cowl 2 

l is tance f r  
, t agna t ion  
)o in t ,  in.  

0 
. 2  
. 4  
. 6  
.8 

1.0 
1 . 2  
1 .4  
1.9 

2.2 

6.38 
( 

0 
. 2  
. 4  
. 6  
.8 

1.0 
1.2 
1 .4  
2.10 

2.20 

6.38 

'e 9 

in .  

1. 390 
7.570 
1. 710 
7.827 
7.925 
8.011 
8.080 
8.136 
8.116 

r i n t  7 

in. 

7.365 
7.442 
7.545 
7.638 
7.708 
7. 769 
7.819 
7.858 
7.900 

4 
~. 

7.490 
7.640 
7.760 
7.862 
7.953 
8.028 
8.089 
8.138 
8.220 

7.365 
7.341 
7.460 
7.562 
1.650 
7.722 
7.783 
7.835 
7.918 

Spike 2 

0.017 

Spike 3 

0.034 

\ Tip  ha l f -angle  = 13.65' 
f o r  a l l  sp ikes  

Figure 3. - Scale  d r a w i n g s  of b l u n t  cowls and spikes.  

Spike 4 

0.068 

J 
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r parameter, 
8 ,  

deg 

23.65 
23.60 (Design) 
23.55 C ”  - - -  I 

Tails Stable l imit  . o a k  

i Drag coefficient, 
‘D, e 

Total-drag (derived 
from balance) 

Cowl pressure drag 
(pres sure integration) 

I 
t 

0 

Mass-flow ratio,  mJmg 

(b) Spike 4: 
rt/rin, 0.068. 

Figure 5. - Effect on inlet  performance of cowl-lip blunting 
(rIip/rin = 0.0042) at Mach number 3.0 with and without spike- 
t i p  blunting. 
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- -- -  Cowl pressure drag 
(pressure in tegra t ion)  

- 

I 

' Sp lke-poslition ' a d  Drag coef f ic ien t ,  
parameter, 

8 ,  
deg 

Total-drag (derived 
from balance ) I 23.65 

23.60 (Design) 
23.55 

Mass-flow ratio, m3/% 

( a )  Spike 1: rt/rin, 0 .  ( b )  Spike 4: rt/rin, 0.068 

Figure 6.  - Effect  on i n l e t  performance of cowl-lip blunt ing 
(rIip/rin = 0.0085) at  Mach number 3.0 with and without spike- 
t i p  blunt ing . 
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-08 

0 

I I I 1 
Spike-pos it ion 

parameter, 
8 ,  

de g 

0 23.65 
0 23.60 (Design) 
n 23.55 
V 23.40 

_ - -  

Tai l s  S tab le  l i m i t  

.3 

.1 

I I I I 
Drag coe f f i c i en t ,  

cD, e 

Total-drag (der ived 
from balance)  

Cowl pressure  drag 
(pressure  in t eg ra t ion ) -  

Figure 7 .  - Effec t  on i n l e t  performance of cowl-lip b lunt -  
ing (rZip/rin = 0.0170) at Mach number 3.0 with and 
without sp ike - t ip  b lunt ing .  
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( a )  Integrated pressure drag. 

I 
.08 

.04' ,' 

0 .ow .008 -012 .016 .020 
Ratio of cowl-lip radius t o  in le t  radius,  rzip/rin 

(b)  Drag increment due t o  blunting. 

Figure 10.  - Effect  of cowl-lip blunting and external  l i p  angle on cowl 
pressure-drag coeff ic ient  during c r i t i c a l  in le t  operation. 
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. (a) Spike 1: rJrin, 0. (b) Spike 2: rt/rin, 0.017. 

(c )  Spike 3: rt/rin, 0.0% (c )  Spike 4: rt/rin, 0.068. 

Figure 12 .  - Schlieren photoeaphs of  supercr i t ical  i n l e t  operation with various 
spike t i p s  and sharp-lipped caul. 
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